Abstract Hypernatraemic dehydration, which predominantly appears in breastfed neonates, can cause serious complications, such as convulsions, permanent brain damage and death, if recognised late. Weight loss ≥10% of birth weight could be an early indicator for this condition. In this prospective cohort study from October 2003 to June 2005 in the postnatal ward of the University Hospital Zurich, Switzerland, all term newborns with birth weight ≥2,500 g were weighed daily until discharge. When the weight loss was ≥10% of birth weight, serum sodium was measured from a heel prick. Infants with moderate hypernatraemia (serum sodium=146-149 mmol/l) were fed supplementary formula milk or maltodextrose 10%. Infants with severe hypernatraemia (serum sodium ≥150 mmol/l) were admitted to the neonatal unit and treated in the same way, with or without intravenous fluids, depending on the severity of the clinical signs of dehydration. A total of 2,788 breastfed healthy term newborns were enrolled. Sixty-seven (2.4%) newborns had a weight loss ≥10% of birth weight; 24 (36%) of these had moderate and 18 (27%) severe hypernatraemia. Infants born by caesarean section had a 3.4 times higher risk for hypernatraemia than those born vaginally. All newborns regained weight 24 h after additional fluids. Conclusion: In our study, one out of 66 healthy exclusively breastfed term neonates developed hypernatraemic dehydration. Daily weight monitoring and supplemental fluids in the presence of weight loss ≥10% of birth weight allows early detection and intervention, thereby preventing the severe sequellae of hypernatraemic dehydration.
Introduction
The incidence of severe hypertonic dehydration in exclusively breastfed newborn infants due to the insufficient administration of fluids is increasing [3, 10, 19, 23] . Dehydration is usually defined as a weight loss of more than 10% of the birth weight [2, 10, 16] . The data currently available are very variable with respect to the incidence reported [3, 8, 10, 15, 16, 18, 20] . The studies cannot be compared with one another due to large differences in study designs and the populations examined, and due to the differing practices of various countries concerning medical care of the newborn.
The present study is a prospective collection of data to assess the incidence of hypertonic dehydration in the first week of life of term-born healthy infants, who were exclusively breastfed according to the principles of the "Baby Friendly Hospital Initiative" [26] .
Methods
At the University Hospital of Zurich, Switzerland, between October 2003 and June 2005, we prospectively recorded the daily weights of healthy, exclusively breastfed term newborn infants with a birth weight ≥2,500 g. The exclusive use of breast feeding according to the principles of the "Baby-Friendly Hospital Initiative" is routinely carried out in this hospital. Daily weighing until the onset of proven weight gain (considered as weight gain on two consecutive days) is also part of the standard procedure.
The mean duration of hospitalisation at the maternity ward is 5.5 days for term infants born by vaginal delivery and 7.3 days for those born by caesarean section (data for the year 2004). This makes it possible to monitor almost all newborn infants in the vulnerable time zone between the 3rd and 5th days of life [1, 14, 16, 27] . Sick newborn infants (with respiratory distress syndrome, hypoglycaemia etc.) were excluded from the study, as they all received supplementary formula milk in addition to breast milk (11% in 2004).
The newborn infants were weighed every morning before the first feed, and usually with the same baby balance, in order to minimise technically related errors as much as possible [24] . For the definition of dehydration, the usual limit of ≥10% loss of birth weight was set, as has been described in the literature [10, 16] . All infants who exceeded this limit were examined for clinical signs of dehydration and other complications, and serum sodium was measured using a capillary blood sample.
Enteral rehydration with breast milk and additional fluids (either formula milk or maltodextrose 10%) was provided at regular intervals of 3 to 4 h if the sodium values were below 150 mmol/l. If severe hypertonic dehydration occurred with sodium values ≥150 mmol/l, the newborn infants were admitted to the neonatal intermediate care unit and, according to their clinical condition, were either rehydrated orally as described above or with additional intravenous fluids (50-100 ml/kg/d). Serum sodium was checked after 8-12 h. At the same time, the mothers were given advice on breast feeding (i.e. positioning the infant, milk expression) by trained lactation consultants. All infants received a repeat clinical examination, at the latest before discharge.
Results
During the period from October 2003 to June 2005, a total of 2,788 healthy infants born at term with birth weight ≥2,500 g and who had been exclusively breastfed were included in the study. Sixty-seven (2.4%) infants had a loss of weight ≥10% of their birth weight. In 24 infants, this was associated with a moderate and in 18 infants with a severe hypernatraemia (0.6% of the total population). Table 1 shows the distribution of sodium values and weight loss in the dehydrated infants (n=67). Figure 1 shows the day of life at which the 10% threshold of weight loss from birth weight was reached or exceeded.
Infants born by caesarean section had a significantly higher incidence of dehydration (odds ratio [OR]=3.4; 95% confidence interval [CI] 2.1-5.7), as can be seen in Table 2 .
An incidental observation in our study was that many more infants in the pilot phase, i.e. in the first 6 months of data collection, suffered from dehydration than in the intervention phase, i.e. in the following 15 months (5.4% compared with 1.3%, p<0.01).
Discussion
In this study, the incidence of dehydration (defined as weight loss ≥10% of birth weight) of exclusively breastfed term infants with a birth weight ≥2,500 g was 2.4%. Our explanation for the difference in the incidence of dehydration in the pilot phase and in the intervention phase as described above is the use of more stringent controls and the institution of fluid supplementation, even for those infants who were near the "10% threshold," if breastfeeding problems were also present. This illustrates the importance of successful awareness training of the medical and nursing staff regarding this issue, with more consistent and timely intervention, even by applying the principles of the "BabyFriendly Hospital Initiative." For infants with moderate hypertonic dehydration defined as sodium values between 146 und 149 mmol/l, the incidence was 0.9%, whereas this level of hypernatraemia might be physiological [14] . For those with severe hypertonic dehydration defined as sodium values ≥150 mmol/l, the incidence was 0.6%. In the literature, the incidence for hypertonic dehydration varies widely [9, 16, 18] . However, it is difficult to make comparisons due to differences in the organisation of medical care (such as the time of discharge, organisation of out-patient follow-up) in the individual countries, differences in the populations studied and varying study inclusion criteria. We did not find a correlation between the serum sodium level and the degree of weight loss, as described in the literature [18] . This may possibly be explained by the low number of dehydrated newborn infants.
The nadir of the natural course of weight loss, or the time at which the 10% threshold was reached or exceeded in exclusively breastfed infants, occurred at days 3 and 4 and is in agreement with the majority of studies in which newborn infants were regularly weighed during the first few days of life [14, 16, 27] . If weight controls are missing or are only performed sporadically, there is a danger of making the diagnosis too late, with the necessity for rehospitalisation and the risk of neurological, vascular and other complications [6, 23, 25] . In our study population, babies with severe hypertonic dehydration showed only a few, non-specific clinical features, such as hypotension and increased fatigue. None of the infants showed vascular or neurological signs at the time of discharge. A weakness of this descriptive study was the lack of a control group and that we observed the development of hypernatraemia only within the first few days of life, whilst the infants were still in the maternity unit.
With respect to the 10% threshold, a study from Holland has shown that a more precise assessment of the risk of dehydration may be possible with the aid of a chart for relative weight change, particularly in the first week of life [27] . The 10% threshold, however, remains the simplest and fastest possibility for detecting infants at risk, particularly in the setting of out-patient care following a short hospitalisation period [5, 14, 22] .
Birth by caesarean section was identified as a risk factor for dehydration, with an OR of 3.4 (95% CI 2.1-5.7). The factors that are responsible for this phenomenon probably lie in the delayed start of lactation and in poorer drinking patterns at the breast following caesarean section [4, 16] .
Conclusion
In summary, daily weighing during the first 4-5 days of life is a simple and cost-effective method for recording an imminent or existing dehydration in exclusively breastfed newborn infants. It allows the possibility of timely rehydration and the early recognition of breastfeeding problems, especially following delivery by caesarean section [1, 7, 11-13, 17-19, 21] .
